The authors have carried out the selective deposition of magnetite iron oxide ͑Fe 3 O 4 ͒ thin films with about 50 nm thickness on Si͑100͒ surfaces which were patterned by octadecyltrichlorosilane ͑OTS͒ using microcontact printing ͑CP͒ method. The CP method showed that hydrophobic patterns with microdimension were able to be formed on hydrophilic area such as silicon surface. Iron oxide thin films were deposited on the Si͑100͒ substrates by thermal metal-organic chemical vapor deposition ͑MOCVD͒ method using single molecular organometallic precursor of iron pentacarbonly ͓Fe͑CO͒ 5 ͔ with high purity ͑99.999%͒ oxygen gas. The deposition was performed in the range of 250-350°C substrate temperature for 2 -10 min under 1 ϫ 10 −2 Torr in a homemade MOCVD system. In order to check the selectivity of as-deposited thin films optical microscopy, scanning electron microscopy, and atomic force microscopy analyses were performed. To confirm the crystallinity of deposited thin films, x-ray diffraction patterns and micro-Raman were studied. Also energy dispersive x-ray and x-ray photoelectron spectrometry results showed the composition of the as-grown iron oxide thin films. By means of these results, the authors can suggest the selective deposition mechanisms and tendencies of iron oxide thin films onto the OTS patterned Si͑100͒ surfaces.
I. INTRODUCTION
The investigation of metal oxide has been carried out because of their interesting physical and chemical properties that can be used for various technological applications. Many oxide materials have been used extensively in the form of thin films because the applications involve microdevices that require materials fabricated on micron or submicron scales. Among them, iron oxide thin films have found widespread application as materials for gas sensors, protecting pigments, magnetic recording media, and catalysis because they have high thermal stability, hardness, and magnetic properties.
1 At room temperature, the normal stoichiometric forms of iron oxides are magnetite ͑Fe 3 O 4 ͒, magnetite ͑␥-Fe 2 O 3 ͒, and hematite ͑␣-Fe 2 O 3 ͒. 2 Because of difference for application depending on their chemical composition and structure, it is important to control their shape. Magnetite is particularly important in magnetic applications, whereas several oxide forms are involved in corrosion and catalysis. 3 But it is still difficult to deposit magnetite having well-define composition and structure. 4 As these reasons, iron oxide thin film has been deposited to apply for their good properties by several physical and chemical deposition techniques such as chemical vapor deposition and physical vapor deposition including sputtering, molecular beam epitaxy, pulsed laser deposition, etc.
2,3,5 Specially, metal-organic chemical vapor deposition ͑MOCVD͒ has many advantages such as good conformal coverage, the possibility of epitaxial growth and selective deposition, the application to large area deposition, etc. Also this method is low cost and easy to control the deposition parameters. Thus it is well known as one of the most powerful techniques and is suitable for stoichiometric and microstructured thin film formation. 6 In this work, we studied the selective growth of iron oxide thin films using MOCVD on Si͑100͒ substrates patterned by octadecyltrichlorosilane ͑OTS͒ applied by microcontact printing method. The aim of this work is fabrication of iron oxide thin films with microsize and characterization of their growth behavior and analyzation of their surface characterization.
II. EXPERIMENT
To make microsize hydrophobic patterns on Si͑100͒ substrates, elastomer stamp which has microsize patterns made from polydimethylsiloxane was firstly fabricated. After then, the microsize patterns were transferred onto the Si͑100͒ surfaces using microcontact printing technique. Octadecyltrichlorosilane ͓͑CH 3 ͑CH 2 ͒ 17 SiCl 3 , ͒ OTS͔ was used as ink solution for pattern transfer. Because the surface of the Si͑100͒ is hydrophilic nature, however, the terminal group of OTS has hydrophobic character, it was able to make hydrophobic area with microdimension using OTS on the substrate surface. Also OTS can easily form self-assembly monolayers ͑SAMs͒ on the substrate. 7 The OTS patterned Si͑100͒ substrate was cleaned with ethanol and water in an ultrasonic cleaner for 5 min. The iron oxide thin film deposition was carried out in a homemade MOCVD system. Single molecular organometallic precursor of iron pentacarbonyl ͓Fe͑CO͒ 5 ͔ with high purity ͑99.999%͒ oxygen gas was used as the iron source and oxidizing agent, respectively. The Fe͑CO͒ 5 precursor was kept at room temperature during the deposition because it has a high vapor pressure. The deposia͒ Authors to whom correspondence should be addressed. The main focus of this article is the study of site-selective growth in iron oxide thin films on OTS patterned substrates. However, there are several methods such as heating the deposited films, using organic solvent, etc.
As deposited films were characterized using optical microscopy ͑OM͒, scanning electron microscopy ͑SEM͒, and atomic force microscopy ͑AFM͒ analyses. Energy dispersive x-ray ͑EDX͒ and x-ray photoelectron spectrometry ͑XPS͒ results showed the composition of the as-grown iron oxide thin films. To get a more clear evidence of selective growth of iron thin films, micro-Raman analysis was studied.
III. RESULTS AND DISCUSSION
Deposited thin films on OTS patterned Si͑100͒ substrate can be identified by OM images. Figure 1 shows OM images of the deposited iron oxide thin film grown on the substrate at 350°C for 5 min. Two different contrast regions ͑dark and bright colors͒ are seen clearly. We can confirm the selective growth of iron oxide between OTS and non-OTS regions, in the first place. The dark strip ͓Fig. 1͑b͒, ͑1͔͒ is iron oxide deposited area and the bright area ͓Fig. 1͑b͒, ͑2͔͒ is OTS SAMs deposited region. In order to check the selectivity, morphologies, and thickness of deposited thin films in detail, SEM and AFM analyses were carried out. Figure 2 shows SEM images of deposited iron oxide thin films on OTS patterned Si͑100͒ substrate at 350°C for 5 min. The deposited film has the thickness of about 50 nm. It is seen that boundaries between the OTS SAMs area and iron oxide deposited area are also clear. In order to identify the composition of both iron oxide deposited region and OTS SAMs deposited area, EDX analysis was utilized. In the case of region A in Fig. 2 , there were EDX peaks corresponding to Fe and O. However, in the case of area B in Fig. 2 , there was no evidence peak of Fe and O elements. SEM images and EDX results showed that the selective growth of iron oxide thin film was successfully carried out on OTS patterned Si͑100͒ surface. Figure 3͑a͒ shows the three-dimensional ͑3D͒AFM image of the selectively grown iron oxide thin film on OTS SAMs patterned Si͑100͒ surface at 350°C. The selectivity of thin film and boundaries between iron oxide thin film area and OTS SAMs area is seen. With the height profile of it ͓Fig. 3͑b͔͒, we can reconfirm the selective growth of iron oxide thin film on OTS patterned Si͑100͒ surface. There is the distance of gap between OTS and deposited iron thin films on Si͑100͒ substrate about 40 nm. We have compared the OTS regions both before and after deposition, therefore the roughness of OTS was increased. That is why the seed of iron oxide was formed on OTS layers while the molecules diffused on deposited films. So the gap between OTS and deposited films was decreased. The clear and convincing evidence of selective growth was obtained by micro-Raman analysis with a 633 nm laser and 20 mW power. Figure 4 shows the micro-Raman spectra of the bare Si͑100͒ ͑a͒, OTS SAMs area ͑b͒, and iron oxide deposited area ͑c͒, respectively. In the case ͑a͒ and ͑b͒, there are no characteristic bands except for the Si͑100͒ substrate. However, in Fig. 4͑c͒ , it is clearly seen that the Raman active band corresponding to the magnetite iron oxide ͑Fe 3 O 4 ͒ around 650-700 cm −1 . The band position is in very good agreement with published data. [8] [9] [10] Moreover, the bands due to other phase ͑Fe 2 O 3 phases͒ are not observed. With these data, we can therefore conclude that the magnetite iron oxide thin film mainly grows only on bare Si͑100͒ surface rather than OTS SAM surface.
OTS SAMs have been demonstrated as a promising candidate for a MOCVD resist layer which can block the surface functional groups that are necessary for nucleation and growth during the deposition. 11 Therefore OTS which has -CH 3 terminal group can prevent nucleation for iron oxide thin film on the SAM surfaces. The precursors for iron oxide can then react only with hydrophilic materials such as SiOH and/or SiO 2 layers on Si͑100͒ surfaces. That is why iron oxide thin films were not deposited on the OTS SAM area.
To further ascertain the phase of the deposited thin films, the XPS spectra of the deposited film were measured. Figure  5͑a͒ shows the typical survey spectra of the deposited thin film. It shows the strong XPS peaks of Fe2p and O1s as well as C1s. The C1s peaks at binding energies of around 285 and 288 eV are attributed to the sample before Ar ion bombardment. After Ar ion bombardment the area of the C1s peak disappeared, and other peaks were shown more clearly. The presence of this peak may be caused by the residual gas contamination absorbed on the surface of the sample, since the sample is exposed to air before the XPS analysis. 12, 13 Then we have performed Ar sputter to remove carbon adsorbed on surface. After sputtering, the carbon peak was almost disappeared. Figures 5͑b͒ and 5͑c͒ show the Fe2p and O1s high-resolution XPS spectra obtained ͑1͒ before and ͑2͒ after Ar ion bombardment, respectively. The binding energy of Fe2p is about 709.5 eV and O1s is 530 eV. The other method to define the type of iron oxide is the existence of satellites of Fe2p. We confirmed there are Fe 3+ and Fe 2+ which are in a good agreement with the magnetite iron oxide. The atomic composition of Fe and O of the thin film was nearly 1:1.3. The combination method of MOCVD and microcontact printing can be adapted in the micrometer scale applications, such as microelectromechanical system sensors, microreactors, microanalytical systems, and microelectronics. 7 Even though the pattern size of this study was microsize, we can expect its potential which can be applied to the microscale applications
IV. CONCLUSION
Selective growth of magnetite iron oxide thin films was performed on an OTS patterned Si͑100͒ surface by a combination of MOCVD and microcontact printing methods at 250-350°C. Fe͑CO͒ 5 and high purity O 2 gas were used as precursors. The selectivity of iron oxide thin film was observed using OM, SEM, EDX, AFM, and micro-Raman analyses. The combination of MOCVD and microcontact printing is a very convenient technique to make microsize structures without involving photolithographic-type procedures. It is expected that the combination of microcontact printing using SAM and MOCVD is an easy and good method for fabricating iron oxide structures with microdimensions.
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